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ARSTRACT

An  3aldgorithm for rFredicting the Maximum Usable Freauency -

between two roints on the surface of the earth for Hish

Frequency communications is imrlemented om a TI-59 hand-held

rodrammable calculsator.
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1+ INTRODUCTION

Al algorithm for Fredicting the Maximum Usable
Freeuercy (MUF) in the High Frecuerncd radio barmd has been
develored a8t the Naval 0Ocean Sustems Centery San Diedor
Csliforniar by R.B. Rose and J.N. Martin C1]1» and has been
imrlemented im both FORTRAN IV and RASIC comruter landguades
under  the name MINIMUF-3.5. The aldgorithm has beer
incorrorated into the CLASSIC FROFHET sroradgation analudsis
systemsr and has been demonstrated to erovide 3
field-derlogable carabilits for comeuting HF srosadation
raths with micro-comruter resources.

2., ORJECTIVE

The essential rortions of MINIMUF-3.5 are comtained in
arrroximately 80 BRASIC landuade statemernts» resroduced in
arrendix Ar which suddests 3 roterntial for beindg encoded in
hand-held rrogrammable calculators. H.F. Hite of Hudghes
Aircraft Comrang adarted a3 restricted version of MINIMUF-3.0
for the HF-47 calculator that comseutes MUFs for 1-hos
F-lager ~roradation arnd is thus limited to station
serarations of 4000 Lkilometers or less. A com=lete
imelementation of MINIMUF, carable of 2-hor rath erediction:

was desired.




3. FROGRAM DEVELOFMENT

A TI-59 calculastor rrodram was adarted directly from
the Rose amd Martin BASIC Frodram listing with some lodic
changes recuired to accomodate the memorw constraints of the
calculator. The ~frodram listingr summarg of lodgic chandesy
orerating instructionsy and test casse are contsined in
arrendices By Cy» Iy and Ey resrectivelw. The srodgram listing
is annotated with cross-references to statemernts in the
BASIC listing for assistance in tracing lodgic flow. The bulk
of the develosment task was to minimize =srodgram and dats
storade recuirements. Several iteratioms finally sroduced
the current version which reeuires 800 rFrrogram stesrs and 20
data redistersr the full caracitw of the normallu-accessible

calculator attributes.

4. FERFORMANCE

The TI-59 Frodram was ortimized for storadey that being
the overriding constraint. Execution time for single-hor
rredictions is arrroximatelwy 50 seconds. Were the srodram
ortimized for sreedyr diven a larder storade caracitur
execution time could conceivably arsroach 40 seconds. The
test case contained in arrendix E is the identical test case
rromuilgated with the Rose and Martinm rerorty and vields the
same results on the TI-59. Noticer howeverr that the MUF

limit of 32 MHz has been raised to 50 MHzy therebw rroviding



for HF rath rrediction durind reriods of high solar flux
whern customary band limitations are exceeded. The test case
should be executed after initislly rrodramming the TI-39 by
lewystroke to emnsure correct rFrodram entre. A cory of the
srogram 1is available onm madnetic cards by sending two blank
cards to the asuthorss howevers the user 1is cautioned that
magnetic cards are not guaranteed to be trarmsrortable amond

all TI-39 calculators.

5. CONCLUSIONS ANDI RECOMMENDATIONS

A carability for rredicting Maximum Usable FreQuencies
in the HF radio band éa; be realized with bhand-held
calculatorsy and therefore can be widelw derlogsed in the
field. An even lardger carability can be realized bhw
utilizing custom made modules for the TI-39. Each module
rrovides for 5000 rrodram sters in addition to the normal
P60 maximum ster caracitw of the calculatory and could
#rovide for additiomnal rortions of +the CLASSIC FROFHET
System to be included in calculator imelementationss such as
the [-redion asbsorrtion model. Arrendix F lists severasl

rersons to contact in redard to having custom modules

manufactured for the TI-59.
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AFFENDIX A

EASIC MINIMUF-3.5 PROGRAM LISTING .

The BASIC landusde listind of MINIMUF-3.5 is resrrinted here
with the rermission of R.B. Rosey and serves as 3 duide for

the TI-59 keystroke listind.,




@

1860
1610
1029
1839

1040
1038
18668
1670
1888
189506
1106
1116
1128
1138
1148
1156
11606
1170
1180
1196
1208
1210
1228
1238
1240
12350
1260
1270
1288
1290
130808
1310
1320
1338
1340
13358
1368
1376
1388

MINIMUE-3.5 PROGRAM

REM
K7=SINCL1)>SSINC(L2)>+COSC(L1)>XCOS(L2)3COSC(H2~-H1)
G1=ACS(K? MAX ~1+1.8E-3 MIN 1-1.8E-8)
K6=1.393G1

K6=K6 MAX |

K3=1/K6

J9=1060

FOR Ki=1-(2%K6> TO 1-1/(23K6> STEP 8.9999-1/Ké6
IF K3=1 THEN 11080

K3=8.3

P=SIN(L2)

@=C0S(L2)
A=(SIN(L1)>-PXCOS(G1>)>/(QXSINCG1>)
B=G1xK1

C=PXCOS(B)+QISIN(B)>3A
D=(COS(B>-CxP)>~/(Q3SQAR(1-C2C>)
D=ACS(D MAX -1+1.8E-3 MIN 1-1.8E-8)
HB=H2+SGN(SIN(H1-K2)>)>%D

IF We=>8 THEN 1200 :

He=RO+P 1

IF He<P1 THEN 1220

HO=KO~-P 1

LO=PB-ACS(C MAX -1+1,0E-3 MIN 1-1.0E-8)

Y1=8.08172%(10+(MO-1)%30.4+D6)-

Y2=8,4893C0S(Y1)
K8=3.823H0+12+8. 13X (SINC(Y1)+1.2XSINC2%Y1))
K8=K8-12%(1+SGN(K8~-24))XSGN(ABS(K8-24))

IF COSCLO+Y2)>-8.26 THEN 1338

K9=9

G8=0

M9=2,53G13¥K3

M9=M9 MIN PO

MI=SIN(MI)

M9=1+2.3XM9XSQAR(MI)

GO T0 1396
K9=(-8.26+SIN(Y2)3SIN(LB))/(COS(Y2>XC0OS(LB)>+1.8E~3)
K9=12-ATN(K9/SAR(ABS(1-K9%XK9)>))>%7,639437
T=K8~-K9/2+412%(1~-SGN(K8~-K93/2) >¥SGN(ABS(KB8~-K9/2))
T4=K8+K9/2-123(1+SCGN(KB8+K93/2-24))>XSGN(ABS(K8+K9/2-24))




1398
1400
1418
1428
1430
1440
1458
1460
1470
1480
1490
1508
1518
1528
1538
1548
1556
1568
15706
1580
15906
1608
1618
1628
1630
1640
1656
1660
1678
1680
1690
1768
1710
1720
1738
1740

CO=ABS(COS(LB+Y2)>)>

19=9.7%C019.6

IF 79>8.1 THEN 1438 .
19=0.1 i
M9=2,3%G1XK3I

M9=M9 MIN PO

MI=SIN(MI)

M9=1+2.3KMIXSQR(MI)

IF T4<T THEN 135060

IF (TS-T)>$(T4-TS5)>>8 THEN 13510

GO TO 1640

IF (T5-T4)%(T-T3)>0 THEN 1640
T6=T3+12%C1+SGN(T-TS)>ISGNC(ABS(T-T3))

GO=PIX(T6-T) K9

G8=PIZT9/K9

U=(T-T6X/T9
GO=COX(SIN(GI)+GB8X(EXP(U)>-COS(GI)) >/ (1+:8XG8)
G7=COX(GBX(EXP(~KI3/T9)+1))XEXP((KS~-24)/2)/(1+(8%X(8)

IF G8=>G?7 THEN 13350

GO=G7

G2=(1+S9/2358)XM9XSQAR(6+38XSQAR(GO) ) ‘
G2=G23(1-8. 13EXP((K9-24)/3)) :
G2=G23(1+(1-SGNCL1)>XSGN(L2>>%0.1)

G2=G2%(1-0. 13(1+SGNC(ABS(SINCLB))>-C0S<LB))>))

GO TO 1700

T6=T3+12%(1+SGN(T4-T3)>3SGN(ABS(T4-T3))

G8=PIXT9/K9

U=(T4-76)/2

Ui=-K9/T9

GB=COX(GBX(EXP(UL>+1)>XEXP(U)/(1+GBXG8)

GO TO 1398

IF G2>J39 THEN 1720

J9=G2

NEXT K1

J9=J9 MAX 2 MIN 32

RETURN



AFFENDIX E

TI-59 FROGRAM LISTING

The keystroke listing of the TI-59 srodram imelementation of
MINIMUF-3.5 follows. Sedments of TI=59% code are

cross—referenced to the BASIC rrodram listindg.




1300,10,20,30
1070 - cont'd

DOV IR T S e SO i T T
OO0 G T W T T

‘
SR

RO T F T
el

RV Rl

'

Daa( RTINS BOGCIRS S TR O W I RV T A i SRS SN B B ol T R W . DRI ol F RN SO ok T o e
| MU Vi e VO Sl | U O O SN IR WO WO WS WY o O Y U W oot I 4 3 RS A A G oY
Lo ey o e enC o Y s T o N o N o 0 o i o o o mo B oo o S oot I et B Lot S 2 O | St I S Y o o

10

!
1o

1030,40,50

!.,
L
bed
o

(WS S F e aw I 08

Ze T L o
¥ CTT e b T

L0 IR SE N B S R T N A |

SO RN N B PO Y I
X P N B B -4 U0y

(i U e R

RV R O
g T S
VT



v TR

B B IR

el a4 R T B B B BRI

(o]
N
-
o
«~t
-
Qo
(@]
~
~

bbb Vb
_._..__.._x_

ST el
L il i

vyl

Tl el e ved wed e =t e 4 aed aed el el e e v

11




DL I S RO I

12

5 -l e R 1
T R
R

I e R N I

_....._ U U
i o of

el e .l_....a.; R .._4 TIES s I

D0 0 e e DA AN BUON BN R RO IS VS NN IO BN I

4H|4



o
-
s

oY L | s S
Lo LE:

OOV e G T g T 0
T T T

_.‘.i..._ JON T R i SR WO S 3 T o oY
f _._ —.___..._.___.___.___._ U

ORI T
s

(R RN UG Mot N TR W RN

|
o <o g U L 0

13




Rendl ! INERSCIULCRULE B

41

4

s

R

oy

L6 P T T 200 e 0] 0

T 0 W e 00
U oD e O o0 7 0 [ T

B B B T B e e IR N B

o v ofeer b o o o o

== _
e B N Sy Oy Y
D] +4-

_._.... -t .._ [T
,... : B e

SEIRNY «...

-1 > P R AT B A
A q._. ...ux ;. 1 4 o J; B 1§ 4 4 .“_\. I

e i 1 T Al
R TR S a s

R A

- (Do L v
R e SO I R IS
2 BN

Ut [T TN et [0 S IOURRS BOLS BE e

L imr 8 U O ssiClc o T

7 o [ DT
o ol o
3 T s e

2 fre

14



V0wt 0] 000 e T g [ . SRS BURN S 5 S T IS - g RS IS JCIRS N 2 K LS KIS o
TR VU N ) LIV o e 00

_.___._._.__L._._«__._x_:._.___.___._s.__._.._.___..___.___._._._x_:__._.:._._.:.:__._x_:p_._.-__._. .__._,“:_:,:_:l_rx__._n_:._._'

=

WIS Saes e S — e

o

N

O

i

o

(3]

wy

<
- Iy L2 R )
g O S | g 4 CRETE N T e
i o [ o]

P YT U

R e

._._ _._“._ —.m_ [0 _H....

*ix
= et L

P i

=

_:__.__:_:._._-.__._..__.__—..:__._l_rl_:.__._.___._- _._n.r___._l

e ICR N B |

LRI : U RO TR T

R T IR T O T L v U

15




SRR S IO SO N A N Y 2 NN n Y WY WL MY K

DRI N RO S R N N W Y ]

o DAY I S B i S R B

16



SUBROUTINE

>
= =
o =
- =

[ N |

RIS S L

0. f- r- L

17

| -

¥
L gl

RIS S LGRS
e 0 OB U

T e O 0T T U OO ol PR O i SESY et ] - :
o R W B e R R G e e e o I I | S I R LR 3 I I :
Fo Fom T (SRR R A

ol S SR N N T S PO S N Y W R R (SR S S S (N S




AFFENDIX C

FROGRAM LOGIC MOLIFICATIONS

The following s=rodram lodic chandes were made to the RASIC
version of MINIMUF-3.5 to mimimize Frogram storade

requirements:

(1) The comrutation of M? at lines 1300-~1330 arnd 1430-1440
is inderendent of the mainm loor and was moved Lo the
bedinning of the rrodrams  immediately following the

calculatiorn of G1 armd K5.

(2) The loor index comrutation at line 1070 was serarated
into a comrutation of 38 rnew variashley KHOFy which is either
1l or 2y 3rnd 3 follow-on comrutation of K1 from KHOF 8% the

first item within the loowr.

(3) The comrutation of G8 a3t lirnes 1530 and 1650 is common
to both leds of the rreceeding test for (TS-T4)X(T-TS)y and

has been moved ahead of that test.

(4) The test at line 1470 serves to reverse the sense of the
following tests at lines 1480 and 1500. This lodgic has heen
combirmed into 38 single test on (TS-T4)X(T-TS) with 3
weighting factor of 1 or -1 to reverse the sense of that

test.

18



(5) The comruytation at line 1360 was simelified to the

arcsine by waw of tridgornometric identitw.

(&) The MUF limit established at linme 1730 wass chandged to 50

vice 32 to accomodate high solar flux dernsities.

(7) Throughout the rrodramy exrlicit calculatiorn and storade
of variables that are used onlw orce in following statements
has tbeen eliminated to conserve on data redister

requirements.

19




AFFENDIX I
FROGRAM OPERATING INSTRUCTIONS

The followind instructions must be followed to orerste the

TI-39 versiorn of MINIMUF-3.5¢

(1) Rerartition the calculator for 800 rrodram sters and 20

rdata redisters by rressing 2/0F/17.

(2) LLoad the 4 memory bhanks from rrodram cards (2) or by

enteringd rrodram keystrokes with the calculator in the LRN

mode .

(3) Enter insut data as follows?

(3) Transmitter North Latitude in decimal dedrees in

R12 (rande -90 dedrees to 90 dedrees)

(h) Tranmsmitter West Longtitude in decimal desirees in

R13 (randge 0 to 360 dedrees)

(c) Receiver North latitude in decimzal dedrees im R14

(rande -90 to 90 dedrees)

(d) Receiver West Londtitude in decimal dedrees inm R1YS

(randge 0 to 360 dedrees)




(@) Month in R16 (randge 1 to 12)

() D3y in R17 (rande 1 to 31)

(g4) Sunserot Number in R19 (rarnge - rositive rnumber)

(4) Ernter Time in X-redister (rarde 0 to 24 decimal hours)

(3) Fress A

(4) If 38 printer is attachedy the inrut time 1is echoeds
followed by the answer (MUF) after 30 secornds for sindle—-hos

angd 100 seconds for two-hor rredictions.

(7) The answer 1s disrlaved in the X-redister when the

Frrodgram halts.

(8) All inrput quantities remain undisturbed in R12 thry R19
(time is stored by the srodram in R18). Another MUF for 3
different time can be comruted directly hy rereating stess

(4) and (3.




AFFENDIX E

TEST CASE v

The test case that follows was rrovided in the NOSC rerort
orn MINIMUF-3.5, The asctuzal erinter listimng of ineut and

rrodram outrut is included,

-
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AFFENDIX F
TI-59 CUSTOM MODULES

The followind roints of contact are rrovided for the desidn
and manufacture of TI-59 custom modules. Both Texas
Instruments and Horizons Technolodgy (contracting with TID
rrovide softwarer emulators and consulting surrort for the
desidn and rroduction of custom modules. Costs cuoted at
this time are arrroximatelws $12,000 for a3 minimum order of
250 modules. This includes emulator surrort amd manufactures

tut does not include software comsulting, Cost reduction

through quantity is available.

Fred Wilke

TI-59 Custom Module Division
Texas Instruments

Lubbocky TX

(806) 741-3240

Robert Kruder

Horizons Technologwr Inc.

7830 Clairemont Mesa Boulevard
San Diedos CA 92111

(714) 292-8331
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